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Abstract 
The current situation and causes of software crisis are first introduced in this paper, and then software engineering and 
software reuse technology used for solving software crisis are presented. GIS software development is continuously 
developing with software reuse technology, but it has its own industrial characteristics. The current software architecture 
and GIS software development techniques cannot meet the requirements of application development. Thus, a new 
generation of service-oriented GIS software architecture and GIS software development model are proposed. Superiorities 
of building-type GIS software development model are also briefly analyzed.  
© 2012 Published by Elsevier B.V. 
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1. Software crisis and software engineering 
1.1. Software crisis 
Software came into the world with the advent of the first electronic computer in 1950s. Software, being the 
other part of computer, is interdependent with hardware, including programs, relevant data and 
documentations. 
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Computer system was in its preliminary stage in the early 1960s. Software size was relatively small, which 
belonged to self-sufficient personalized software production model with personal design, personal use and 
personal operation. And there were no documents like software instruction except source code. In the mid-
1970s, computer hardware technology developed rapidly. The application field of computer software 
expanded speedily because of the advent of high-level language. Operating system and the first generation of 
database management system further promoted the expansion of software size. Complexity of system 
increases, problems of software reliability become more and more serious, software development costs are 
unexpectedly high, and there are always unsuccessful software development projects (BAIDU ZHIDAO, 
2007). The old self-sufficient personalized software production model, which is workshop-based, is unable to 
the rapidly growing needs of computer software, leading to a series of serious problems in software 
development and maintenance process. That is called software crisis (BAIDU BAIKE, 2009).  
Performances and influences of software crisis are specifically described in literature[2]. And the causes of 
software crisis can be divided into two categories, namely "software-related" and "software developer-related". 
Causes that are related to software include expanded size, increased complexity, undefined requirements and 
personalized process. Causes that are related to software developer include limited ability, different 
understanding, updated knowledge, etc. Today, software crisis still exists in spite of the significant 
development of software industry, even showing a growing trend (ZHANG Haifan, 2008). 
In a word, the author argues that software production belongs to knowledge-intensive and resource 
(manpower, capital)-intensive activity. It is the uniqueness of software industry that brings many uncertainties 
to software development process. Consequently, it results in phenomena of software crisis like uncontrollable 
schedule, cost and quality.  
1.2. Software engineering and Software reuse 
In 1968, the North Atlantic Treaty Organization held the first international conference about software crisis 
in order to solve the problem. A series of significant concepts of software development technology were 
proposed in this conference, such as "Software engineering, Software reuse, software component". Therefore, 
a new science came into the world, namely software engineering. It is aimed at studying the objective laws of 
software production and creating concepts, principles, methods, techniques and tools that are related to 
systematic software production, as well as instructing and supporting production activities of software system, 
in the hope of reducing the cost of software production, improving the quality of software products and 
increasing the level of software productivity. 
In specific software engineering practice, developers always want to reduce duplication of labor in software 
life circle through software reuse and promote efficiency and quality of software development so as to 
alleviate software crisis. Practice has proved that software reuse can effectively improve quality and 
productivity of software. It is a practical way of solving the current "software crisis". A software engineering 
research expert (YANG Fuqing, 1999) argues that key technologies of software reuse include software 
architecture and software component technology. Software architecture is also called framework, referring to 
the software framework that can be prefabricated and restructured.  
Software component refers to constituent that can be clearly identified in application system. Reusable 
component refers to object that has relatively independent functions and value of reuse. After nearly four 
decades of continuous development, objects of software reuse have been expanded from the early and special 
software code component reuse to all valuable information reuse in software development process, including 
requirements, requirements specification, design, source code, test plan, test case, etc. They can be also called 
general software components. 
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In the development process of software reuse, software development techniques and the evolution of 
software architecture are supplementary to each other, bringing out the best in each other. The goal of 
software reuse technology is to enhance the abstraction level of medium faced by human brain. Thus, human 
brain will become more and more focused on things that can be only done by human brain, while things that 
can be done by computer should be handled by computer as far as possible. 
Software code reuse promotes the continuous improvement of programming language in the direction of 
"machine language programming -> assembly language -> high-level language -> object-oriented language". 
Software architecture reuse can be reflected through the development of "procedure-oriented architecture -> 
object-oriented architecture -> service-oriented architecture". Software development model is becoming more 
and more flexible through the development of "procedure-oriented design -> structured programming -> 
object-oriented programming -> component-based development".   
2. Characteristics of GIS software development 
Since the first Geographic Information System (GIS) developed by Canada in 1960s, GIS has been 
developing for more than 40 years. GIS software technology and technology are closely related to the 
development of geographical science, which also evolves along with the constant development of software 
architecture and software development techniques. However, GIS software industry has certain distinctiveness 
(WU Xincai, 2009):   
1). GIS technology is an interdisciplinary and cross-industry professional technology with a wide range of 
knowledge. At present, system becomes increasingly big, and it is even more difficult to develop. Now the 
commonly used object-oriented component-based development technology demands too much on the ability 
of programmer.  
2). Enterprises of GIS software are now faced with the phenomenon of "tropical high pressure". "Tropic" 
means that users demand too much. Industrial users, who lack computer knowledge, believe that software 
design of informational society is not difficult and always expect the prototype system. Given the period of 
political achievements, leaders require projects to be completed rapidly. But they can never be finished due to 
excessive influencing factors, long development period and ever-changing requirements. Software developers 
have to bear "high pressure". Tight working schedule and frequent overtime of developers result in decreased 
software quality and reworking, which will cause a vicious circle.  
No matter it is procedure-oriented or object-oriented; the current GIS software development technologies 
are all "encoding"-centered. This kind of development model determines its essential defects (ZHANG Cheng, 
WU Xincai, etc. 2008).  
1). Development process is overly dependent on programmers, yet who know very little business 
knowledge. Experts, who are familiar with business knowledge, know nothing about computer knowledge and 
they can not help.  
2). Because of understanding difference, poor communications between programmer and expert always 
give rise to undesired software designs.  
3). User's needs change constantly with thorough understanding, whereas programmers have to solve 
problems that may change at any time.  
4). Software debugging and deployment are relatively complex, requiring high stability of environment.  
3. Service-oriented GIS architecture 
Nowadays, service-oriented architecture is widely used. Is there any compatible GIS software development 
technology? Improving the efficiency of software development must start with software architecture and 
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software development technology. In order to solve various problems of the existing software development, 
Professor WU Xincai, a domestically well-known GIS expert, combined his GIS experience of more than 20 
years and proposed a series of new ideas of software development technology, such as a new generation of 
GIS architecture, new software development model, data centre, etc. Meanwhile, based on these technologies, 
he also successfully developed a service-oriented and distributed ultra-large GIS platform. 
The new generation of GIS architecture technology refers to the service-oriented overhung GIS architecture 
technology. It is essentially different from the traditional system-oriented architecture with an underlaid 
upward supporting platform, shown in Figure 1 and Figure 2. Loose coupling (flexible structure, strong 
expandability) is adopted between functional modules. All operations are carried out in the "service"-oriented 
way. For example, "conducting data access operation" can be replaced by "requesting data access service". 
Theoretically, system can be enlarged unlimitedly without worrying about excessively high load (WU Xincai, 
2009).   
              
Fig. 1. Platform architecture with underlaid upward supporting     Fig 2. Platform architecture with suspended overhung supporting
The new generation of software development model is the general term for three kinds of software 
development models, which are plug-in-type, configuration-type and building-type. The building-type 
development consists of work flow, electronic spreadsheet, component warehouse based on SOA (including 
component base, module base, dynamic depot, etc. It is also called function warehouse), building system and 
operating system. Plug-in-type development requires system framework based on SOA technology, basic 
plug-ins of SOA technology, basic view, a few programming (when new plug-in is needed). Configuration-
type development refers to configuring resource, directory, tool box, view, menu, program template, 
instantiation template, instantiation of directed loading program, which is aimed at realizing interface control 
method of application program.  
4. Building GIS software development 
A real software system is generally completed by collaboration of several levels, including data, function, 
interface and process. So, the software design process can be also completed independently and assembled 
coordinately by several systems. Data are managed by database management system; interface can be also 
completed by a separate interface design system; functions are implemented by the component composition of 
component warehouse; software logic control process can be also achieved by work flow through imitating 
operation flow (LUO Haibin, 2000). 
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Building software development is exactly the product of exploration on this idea. The advent of service-
oriented architecture makes it possible for building development. Building software development is a 
visualization technology based on work flow and component warehouse, consisting of work flow, electronic 
spreadsheet, component warehouse based on SOA (namely the function warehouse), building system and 
operating system. It is shown in Figure 3.  
Fig. 3. Building software development method driven by work flow 
Building software development is based on work flow and component warehouse, and the "zero coding" 
software development has been attempted and explored. Building development has greatly improved the 
efficiency of software development with the help of work flow, user-defined worksheet and application 
framework. The way of visualized drag-and-drop is supported, which is used for solving software 
development problems.  
The logic diagram of building-type application system based on functional component of component 
warehouse is shown in Figure 4 (ZHANG Fayong, 2010). 
Fig. 4. The logic diagram of building-type application system 
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Building-type development has changed the whole production process of software as well as model and 
efficiency of software development. 1). From the perspective of development efficiency, building 
development model considerably shortens the development time in the same task with the same personnel, 
saving more than 80% of development costs and improving more than 80% of the work efficiency. It also 
greatly reduces demands on developer. Those who are undergraduates of relevant majors with certain 
computer application basis can master the use method of building system in only one week. Users can be 
changed from caring for technology and detailed function to caring for operation. 2). From the quality of 
development, it has been verified that there are more than 300 BUGs of the first test in traditional 
development model, while the number of BUGs of the first test in new development model is less than 30. 
That is to say, the quality has been improved tenfold. 
Building software development can support not only the operation system building of BS model, but also 
the software application system building of CS model. If the function warehouse of system bottom is able to 
provide sufficiently comprehensive and powerful functional component, developer has a very good chance of 
building a profession-oriented application system quickly by "zero programming" through the way of work 
flow and functional component.  
Compared to traditional procedure-oriented and object-oriented software development models, building 
development process has the following characteristics (ZHANG Cheng, WU Xincai, etc. 2008) (WU Xincai, 
2009): 
1). Fast response yet improved software quality; 2). It makes more people participate in implementation, 
decreases development difficulty and reduces dependence on programmer. Ordinary personnel can operate 
after simple training without coding. And the development period can be shortened by 50%-80%; 3). It 
emphasizes operation system building and function building, focusing more on operations instead of technical 
details; 4). With high reusability, functions can be accumulated and reused quickly. The original functional 
resources can be directly called in the framework of data center; 5). Easier deployment, smaller impact, low 
degree of coupling, hot-swappable-supporting; 6). System transplantation requires only adjustment of 
configuration files, having no need to do any other operation.  
5. Conclusion  
Building software development is able to develop application software managing heterogeneous data in a 
short time. Besides, the developed system is equipped with a high degree of scalability and maintainability, 
which can be adjusted quickly according to user's needs and reduces cost and risk in the process of software 
implementation and maintenance. It enables software systems fully meet individual needs of users and achieve 
the long-term goal of constantly developing and improving application systems in special operation areas. 
    With the application and promotion of new GIS architecture technology and new software development 
technology represented by building software development model, a revolutionary change of the GIS 
secondary development will be brought about inevitably, which frees us from traditional software 
development models, thoroughly changes the current situation that only programmers can do software 
development, and makes software developers more competent.  
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